INTRODUCTION
T-cells develop in the thymus from migrant progenitors originating in haemopoietic tissues. In the mouse, the thymic primordium is first colonised by precursors at around day 11-12 of gestation, with some evidence suggesting that subsequent entry of precursors into the thymus occurs in distinct waves (1) . Although several studies have isolated and characterised early T-cell precursor populations from extrathymic sites such as fetal blood and fetal liver (2) (3) (4) , it is controversial whether precursors recruited to the developing thymus are multipotential haemopoietic stem cells (HSC), common lymphoid progenitors (CLPs), or cells already restricted to the T-cell lineage. However, a recent study on adult mice has suggested that CLPs are not recruited to the thymus from the bone marrow, and that the only cells in the adult circulatory system which can give rise to T-cells are of a Lin the least mature thymocytes (9) . Whilst this was initially suggestive of entry of CLP or even HSC with both T and B potential, the recent demonstration of phenotypic and
For personal use only. on . by guest www.bloodjournal.org From developmental heterogeneity within DN1 cells (10) makes it difficult to exclude entry of CD44 + committed B cell progenitors along with cells of T restricted potential as an explanation for these findings. The development of B cells rather than T-cells in the thymus of mice colonised by Notch-1 deficient bone marrow precursors has also been interpreted as indicating that lymphoid progenitors entering the thymus have both T and B cell potential, but then adopt a B cell rather than a T-cell fate in the absence of Notch signalling (11) . Again, these observations do not exclude the possibility that both T restricted and B restricted progenitors separately enter the thymus. In this scenario, in the absence of Notch signalling, the former are unable to develop whilst the latter are able to reveal their B cell potential which would otherwise be inhibited by interaction by Notch ligands present within the thymic microenvironment (12) .
This interpretation also raises the possibility that, whilst Notch signalling within the thymus is essential to reveal T lineage commitment, T/B lineage choice itself may occur at an earlier stage and thus is not necessarily dependent upon intrathymic Notch activation.
In this study we have sought to clarify the status of the first wave of precursors recruited to the developing fetal thymus in terms of both phenotype and developmental potential. By isolating precursors from the pre-vascular 12 day thymic rudiment, we have excluded possible involvement of more mature cells in the circulation and focused on precursors that have been specifically recruited to the thymus. Separating these cells into those isolated from the perithymic mesenchyme and those in the intra epithelial regions of the thymus has also enabled us to compare the status of precursors immediately before and immediately after contact with the epithelial microenvironment where they interact with Notch ligands expressed by thymic epithelial cells (12) . We show that CD45 + precursors isolated from the 
MATERIALS AND METHODS

Mice
BALB/c mice were bred and maintained under SPF conditions in the Biomedical Services Unit, Birmingham University. The day of vaginal plug detection was designated as day 0.
Antibodies and Immunoconjugates
The following were used for flow cytometric analysis: anti-IL-7R -biotin (A7R34), (M1/9, ATCC).
Immunohistochemistry.
Frozen sections of freshly dissected embryonic day 12 thymuses, with perithymic mesenchyme attached, were prepared as described (2) . Sections were fixed in ice cold acetone, and stained using FITC conjugated anti-pan cytokeratin (clones C-11, PCK-26, CY-90, Ks-1A3, M20, and A53-B/A2), rabbit anti-fibronectin (Sigma) to reveal mesenchyme, and rat anti-CD45 (M1/9; ATCC) to identify migrant precursors.
Primary antibodies were detected using anti-rat Ig biotin (Amersham) followed by extravidin TRITC (Sigma), and anti-rabbit Ig-AMCA (Dako). Sections were mounted in anti-fade glycerol solution (Citifluor, Canterbury, UK). Sections were viewed using a Zeiss Axioplan microscope.
Isolation of Progenitors from E12 Fetal Liver, Thymus and Perithymic
Mesenchyme
Haematopoietic progenitors present in the E12 perithymic mesenchyme and fetal thymic epithelium were isolated on the basis of the leukocyte marker CD45. E12 thymic lobes surrounded by their mesenchymally-derived covering were isolated from BALB/c embryos by microdissection. These were incubated at 37°C for 20 minutes in 2.5mg/ml collagenase/dispase (R&D systems) in RPMI plus 10% FCS, placed under a dissecting microscope and aspirated gently using a glass pipette to separate perithymic mesenchyme from the inner epithelial rudiment. Peri-thymic mesenchyme 
Assessment of T cell potential by fusion of dGuo lobes with E12 tissues
To assay T-cell precursor potential in cells isolated from E12 tissues, fragments of E12 perithymic mesenchyme, E12 thymic epithelial rudiments and E12 fetal liver were placed on an 0.8µm pore size polycarbonate filter in organ culture, alongside an alymphoid 2-deoxyguanosine fetal thymic lobe (24) . Lobes were cultured for 12 days in organ culture conditions during which time migration of precursors from E12 tissues to2-dGuo treated lobes occurs. Cultures were harvested by gentle teasing using fine cataract knives, and recovered cells were analysed by flow cytometry on a BD LSR machine with forward and side scatter gates set so as to exclude non-viable cells.
RT-PCR Analysis
High purity cDNA was obtained from purified mRNA using µMacs One-step cDNA kit, according to the manufacturer's instructions (Miltenyi Biotech). 
RESULTS
Identification And Isolation Of Intrathymic And Perithymic Precursors
Recruited To The Fetal Thymus
The murine fetal thymic rudiment undergoes initial colonisation by migrant precursors at around day twelve of gestation before vascularisation of the rudiment is Unexpectedly, cells in the perithymic mesenchyme ( Figure 2b ) showed a pattern of ckit expression similar to that seen in the epithelial compartment rather than that in fetal liver, consistent with the idea that lineage commitment may be initiated by the time precursors are recruited to the thymus and before they contact thymic epithelial cells.
For 
T/B Lineage Choice Occurs Prior To Contact With The Thymic Epithelium
Whilst the above findings suggest that precursors undergoing recruitment to the thymus may have initiated lineage commitment prior to contact with the thymic epithelial microenvironment, functional assays are required to provide definitive evidence on T-cell and B-cell potential within these populations. To determine T-cell potential, fragments of E12 fetal liver, isolated perithymic mesenchyme or isolated 
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To investigate the potential for pre-thymic Notch signalling, we analysed the availability of Notch ligands on stromal elements in the fetal liver, which represents the major haemopoietic compartment in the E12 embryo. Stromal components in the E12 fetal liver include epithelial cells derived from the endodermal liver buds and mesenchymal cells of mesoderm origin. These components were defined using a panel of antibodies to stromal cell populations, with candidate populations being isolated on the basis of EpCAM1 expression for epithelium, and a combination of VCAM1 and ICAM1 expression for mesenchymal cells (Figure 7, panels a and b) .
While RT-PCR analysis of these purified populations (Figure 7 , panels c-f) revealed only low levels of Jagged expression in both the FL stromal populations analysed, VCAM+ICAM+ FL stromal cells were found to express levels of Delta family members, including DLL-1 which can regulate Notch signalling for T-cell development (20, 21) , at levels similar to that seen in thymic epithelium ( For Although we have not addressed this directly in this study, this notion is supported by previous studies using clonal assays to study lymphoid potential in defined precursor populations, where fetal liver precursors capable of giving rise to T-cells but not Bcells were identified (4-7). The results in our current study support these findings and For personal use only. on . by guest www.bloodjournal.org From
